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ABSTRACT

SThe calibration and operation of the NRL chamber for
.:the eXposure of human subjects to 4i1trogen mustard
vapors is described in detail in the first part of this

-report.

Concentrations of HN vapors are established by means
of special design saturators and by a "flash distillation"
system. Analysis of the HN vapor is carried out by a
colorimetric method based on the reaction with DB-3.

0per~tin of the chamber has been standardized for
HN-.I vapor exposures ranging from 200 to 2000 CT (60 min.)
and for HN-3 vapdr.,exposures ranging from 100 to 900. CT
(60 min.). The prec-islon of the operation is such that
a CT within 5% of the'desired value is obtained with T
factors of 50 to 70 minutes.

- In the' se'cond part of this report, a series of-. Lsts
is described in which human volunteers were exposed to
"mHlorHN-Z5at various CTS at 900F, 65%-n.H., wearing
masks and..either ordinary or protective clothing. The
most vulnerable body regions were the neck and the scrotum.
Severe, reactions on unprotected necks under summer con-
diti6ons were observed following exposure to. :- IM at CoT
0 0and HIM7, at CT 150. The scrotal lesions resultiJng

fro*,exposur :to the vapors ofthese agents were similar

. tii"tme-_of. gns6et,.duration, and appearance to those from
H -vapdriA. C21.impregrated.clothing offered poor pro-

, ;,tectior agaiAst" . Scrotal lesions were 6prcduoed in
men:wearing both'protective suits and shorts at CT 400

3ui.d~r summer.conditions. On the other hand, good pro-

. eotion was-afforded by this clothing against HN;-3 p fo
.,,the highest -CT at -which, tests were condatued. No changes

in the leucocyte counts were-. observed in any of. the te.st
•:subje •ts '. '

2'
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IN• TRO0DUC T ION

A Authorization.

-.1. .This work was. authorbized-unaerid r-oje6etS47/41,
O.Maintenance, Bureau of Ships", dated 16 December 1940.
The problems which were proposed for study were given in
Bureau of Ships letter S-S77 (Dz), Serial 811 of 17 Decem-
ber 1940.

2. Participation of volunteer Navy personnel in tests
.for the study of vesicant gases was approved by the Secre-

* tary of th&Navy (Acting Sec. -Nav. ltr. to OSRD dated 8 May
31942). Performance of such tests .at the Naval Research
taboratory was approyed by the Chief of the Bureau of Me-d-
cine and Surgery (Bu Med 2t"- ISaerI-.N -a. .5._X.0A All/ENI1
(430320) (SC) dated 20 March 1943).

B. Statement of Problem.

* 3. This investigation was undertaken (a) to calibrate
and --study -the tperatlon f --the "'RL chamber for exposure of

....-human.:-subJcts-.to-HN--v-apor-s, .(b) to-determine- the effects
of these vapors at various CTs on human volunteers wearing
masks and ordinary clothing; and (c) to evaluate against
these vapors the protective.clothing currently available.

"C,. Known Facts Bearing on Problem' and Theoretical-Consider-

S4. .The catlibration and -operation of the NRL chamber
Xor-MN vapor exposures presentea several pi'oblemsa ihich were
ýnot encountered in the comparable .stUdy involving H vapor
;exposures. These problems were primarily concerned with

',.(a) the instability of HN compounds, especially at high
temperatures, (b) the low..volat± t.y.of =3,andt.(c) the

..tendency toward formation -of aerosols.

5. In the development of methods and techniques fcr
",.stablishment and maintenance of HN vapor concentrations

Kin the NRL chamber- it wd-a con:al'ba•-ireb6e to use as
tfar as pissible those method- which had been developed

,. and found satisfactory in connection with H vapor exposures,
/However, it was considered necessary to modify these methods

to whatever extent requ-irea to pr6hlblt any decomposition
of the liquid agents or the production of aerosols. The

WAxiethods described in this report are believed to meet these
requirements satisfactorily,

6. At the time this series of tests was begun, no
'ma.n.-chamber data on the raltrogen mustards were available.
Preliminary arm-chamber studiesa had 'been 'performed at this
Laboratory.

CONFIDENTIAL �-i-.
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7. An extensive series of tests was carried out by
Simon Black, et al., by means of exposures of human for.-

ars on the vapor train at.U U.QTL.and •was repored in OSRD
.eport lo. 3944, dated 30 August 1944. This work has been

Piscuesed in-relation to the NRL arm-chamber tests in NRL.epart No. P-2464.

8..-fetnt -mtn-hsmber- tests with EN-1, trndncted at
dgewood Arsenal, Md., and to, be published soon,. showed
hat men, unprotected except for masks, carbon-cloth shorts,
and ordinary clothing, sustained intense general erythema

CT 350 with subsequent superficial desquamation. Two
.ayer CC-2 Jfapregnated clothing Offered inadequate protect-
ijon to men exposed to CT 1600. AT CT 2400, delayed crusted
,crotal lesionm -1~pei°whni'eas at CT3100, scrotal bleb
formation and intense geiqeral erythema were evident within
twenty-four hours, ater exposure. All these chamber expos-
i'ures took place for 48 to 60-minutes at 90.F,--85%-RH during
,,the sumer 6T 'T15. "'It Was con06lu'ea 'that'=-2 Impregnated
clothing offered.- inadequabe-,wotie~ct-on against0A-iR,-.-vapor .. .

-9-4 -In an anal-agous series of tests with HN-3 at Edge-
iwood -Arsenal, -Md., it-was* shown that-men; protected with
.masks and protective shorts and "stripped to the-waist",
.showed intense general erythema at CT 350 with vesication
,of:the Ttk. in tests in which the men wore 0C-2 Impreg-
nated clothing-, it was -found -that-the break point-.(.inten-e

ýb•ythema) for one and -one-half layer protection, occurred at'
-4t.xb'outV-CT 16(l0 and, fdr two-layer protection, at about CT

0 It w.as -nanc•d 1ht C,2 Ji 'pAgnn••a e.z. lrthilng gave
0dIi 'atel-Y. eod protection eagainst.HN-3.

-10, -In. none of the subects; exposed- to HN vapor at
-dgewood..-Arsenal -were any changes observed' in the blood
counts,

fl-PreVi-ou~s. Work Done at 'This' Laboratory.

S1, i� is ...re port _is, 1ha 2±eW1t•nh -af a sr•l ..on
ý,'Chamber Tests With Human Subjectsil in which the results
mbtairied -inthe evaluation of various protective devices
Against- he Offects of persistent chemical agents are re-
ýorted.

!,2, NRL letter, C-S77-2 (459-HWC), C-459-604, to Bu
8hiph, dated 20 October 1944 on "Basic Chamber Tests with
i . and HNý contains -a status report on work which is in-
;cluded in the present report. NRL letter C-S77-2 (459-HWC)),
,0-459-646, to Bu Ships, dated 11 November 1944, ib a.-oem-
Parable. report on "Basic.-bazabar -lasts im th jM-d.".., NRL
Report No. P-2464, dated March 1945, gives a detailed ac-
'Count of "Arm Chamber Expeszuies to fIN- Y•apmr:".

ONFIDENT IAL -2-



: R IMENTAL ,

Part 1. Operation and Calibration of the Large Chamber
for HN Exposures.

13. A complete description of the NRL gas chamber is

given ii NRL Report No. P-2208, "Chamber Tests with Human

_subeeos' 1, -Des•ig•nand Operation of Chamber" dated 22

December 1943. Included.in that report is (a) a discussion

of the methods of establishing and controlling chamber condi-
tions, i.e., temperature, relative.Iiumidity, and air velocity,

F(b) a discussion. of the methods of establishing, analyzing,

rand maintaining H. vapor concentrations in the chamber, and

* (c) descript4fon of the operation of the chamber for H vapor

exposures.,

14. In using the chamber for HN valor exposures, the

chamber conditions are -established and controlled exactly as

"for H vapor exposures. (Temperature - 00 * 0.50F; relative

humidity 65 + 3%;, air velocity . 2.5 m.p.h.j.

A. Methods of -etabl--shig HN Vapor Concentrations.

(1) HN-I. Operation of the chamber has been

Sta•.rda1Zei d -iz r r---N-7-.--vap-or c voncentrat ions.- -1Ianging from 3

to 35 micrograms UN-I per liter (0.003 to 0.035 mg./l.) Two

methods are used for establishing these concentrations.

(a) Bead Satt).rator:_For concentrations .ranging

Vfrom 3 to 10 micrograms/1., the bead saturator described in

.NIRL Report No. P-2208 for establishing H vapor concentrations

[iss used-.. Plate 1 shows a schematic diagram of the saturator.

,Air'is passed through the saturator containing liquid HN-li

%fr6h16prepared from pure HN-l hydrochloride, at .ratps vary-
-inug'-frdml0to 20 liters/min. The saturator is operated at

room temperature.

"(b) Flash Distillation.: The flash distilliation

-PappaVA-.us, described in NRL Report No. P-2208 for establishing

,H vapo0. concentrations, is used for setting-up HN-i concentra-
ýtions ranging from 10 to.35 micrograms HN-i/i. Plate 2 shows

•ha schemati~c :diagram of this assemb~ly. For X•N- concentrations
ýthe oil bath is maintained at 700C, at which temperature

there have been no indications of decomposition of RN-i.

Measured volumes of freshly prep&red HN-i are run into the

flask from the burette and as the HN-1 is vaporized it is

carried into the chamber through the heated glass tube by

jan air stream, at rates ranging from 10 to 50 liters/min.,

.ýpepending the concentration desired.

(2) HN-3. Operation of the chamber has been

standarized for--U-3 vapor concentrations ranging from 1 to

15 micrograms HN-3/l. (0.001 to 0.015 mg/i.).

CONFIDENTIAL, -3-



(a) In the early tests involving HN-3 Vapor, con-
centrations from 1 to 8 micrograms/l. were established by
Smeans of two bead saturators of the type used for H and
I{N-1 and shown in Plate 1. The saturators are wound with
nichrome resistance wire so;-they may be operated at any
desired 'temperature. For establishing the HN-3 vapor
concentrations, they were controlled at approximately 556C.
At this temperature no decomposition of H N-3 has been ob-
served. Air was passed through each saturator at from 10
to 20 liters/min. and then into the chamber through glass
tubes, heated to prevent condensation.

(bl) -In the later tests 'involving HN-3 vapor, concen-
trations from 1 to 15 micrograms/l. were established by
means of three speoially designed and construoted "large"
saturators. The saturator assembly is shown in Plates 3
and 4. The saturators each contaih 500-700 ml.. of liquid
HN-3. Air at about 5 lbs. pressure is bubbled through the
HN-3 into the chamber. A dty-ice acetone trap 'i used to
remove water vapor from the air line and the saturators-are
equipped with heating coils-to maintain the temperature of
the liquid HN-3 at 30"0.

B. Method ofAnalysis for HN Vapor Concentratiop.

15. Analysis of HN vapor concentration in the chamber is
is carried out continuously during the period of exposure.
The method of analysis, a modification of the DB-3 method

•described by W. N. Aldridge in Porton Report No. 2412,
j. January 9 1942, has been discussed in detail in NRL Report

9No.-?-2464 "Chamber Tests with Human Subjects, V. Arm-
WChamber. ExposureS td HN Vapors", dated Maroh 1945. The

theoretical principles upon which the method is based, the
reagents, procedure, and standardization of the method
have been included in that report.

S .oC, Standardization of Chamber for HN Vapor Exp.sures.

.16. A number of test xruns were conducted to.etexmine
-the optimum conditions for operation of the chamber for RN

I rapor exposures and to familiarize the laboiatory personnel
with the technique of operation. These test runs are de#.
scribed individually.

(1) Simulated HN-I Vapor Chamber Exposures at Low
SConcentration,

17d To evaluate the method for establishment of low
concentrations of HN-1 vapor (bead saturator metliod) and
to determine the most efficient method of operating the
saturator for maintaining low concentiations, a simulated
Ii HN#, vapor exposure was conducted. The conditions setaup

CONFIDENTIAL -4-



for this test and the results obtained are shown in the

following table:

Table I

Simulated HN--1 Yapor Exposure at Low CT

Conditions: Desired concentration - 8.3rHN-l/l.-CT=250 .(30 min)
Bead saturator at room temperature.
Chamber empty.

conce, HN-I

0.6
- 0.6

0..4
0.4
0.2
0.2
0.2

0.4
0.6
1.4
2.0
2.8
4.6
5.4
5.8

7.4
.8,6

8.4
8.6
9.4

9..6
8.2
9.2

• Saturator Operating
Time (Min.)

"-Gontinuous

It

if
ii

If

It

It

-Off
U

.ft

It

|,

(I

If

Flow Rate Tbru Satumttr
(liters/mn.)

10
IL

If

u

If

ft

'V!

*:• 18. The 'data given in the •above table are also shown
,raphibally in Plate 5. It may be seen that considerable
N1-i vapor was introduced into the chamber before the
*oncentratign began to increase. This indicates a relatively
.arge Itpick-up" by the walls and other surfaces. When the
"oncentration began to build up, a good linear vapor input
,ate was observed. From-the slope of the curve in Plate 3,
Sinput rate of 0,19 YHN-I/l./min.. is indicated, When a
}Oncentration approaching the desired value df 8.3 YHN-I/1.
Sas obtained the saturator was turned off. It was found
;tat within a 30 min. period there was no loss of vapor in
;he chamber. The average concentration during this "control"
teriod was 8.9 yHN-1/1., giving at CT of 267. The desired
1T of 250 would have been obtained with a 28 minute exposure.

'IDENTIAL -5-.
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'5
10
15
20
-25

"3•5
40
45"*50
55
60
,65

75
380
35
90
'95
00
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(2) Simulated-HN-I Vapor Chamber Exposure at
R High Concentration

19. Another simulated HN-I vapor exposure was
conducted..±o Investigate the -operation -of t.he "flash
saturator" method for establishing. N-1 concentrations.-
The conditions and results of this test are given in
Table II and Plate 6.

Table II

Simulated HN-i Vapor Exposure at High CT

• Conditions: Desired concentration =-33,3yHN-1/1 - CT
= 2000 (60 mini) Flash saturator at. 70-C.

Time Conc. HN-I Ml. HN-I Remarks
(Min.) (_vHN-1/1.) Added

i0 - 10
S5 3.2

•10 6-5
15 11$4
20 15,7
25 18.8

,30 24.8
$*35 27.9
'•4o 52.0
-45i 36.5 5 Carbon Suits Placed
,,0 40.7 'in chamber

,45.0
!•65!I 40,4 :

.70 _40,9 •

ý,75 30%7
036,0

5. '33 .090 30 17
,5. 28.9

26 f0

20. The date in Table II and plate 6 show a goodý.linear input rate of HN-1 using the "flash saturator"
system, As nkeasured frop the -slope of the curve in Plate
.6 this rate is Q.83 y.*HN-l/1,/min, .Te average concentration

1f •- vapor durlng the"control period" with 5 carbon suits
ln the chamber was 35.5 yHN-1/1, This corresponds to a CT
of 21o0 for 60 rain, A CT of 2000 was obtained inr 56 m4nutes,

21. .[t was concluded as a result of the data obtained
si *ulated ]I-. exposures, that satisfactory chamber

ONFIDENTIAL r6t-



,neration could be obtained by using the described systems

8 d technique for establishing and maintaining HN-1 concen-
trations.. As in the urase of HN arm chamber exposures (NRL
I eport No. P-t2464), it was decided to.conduct the chamber

peration by adjusting the time (T) of exposure within
.the,range of 50-70 minutes so as to obtain CTs within 5% of
-the desired value. This time adjustment is necessary
Kbecause of' the 12-13 minute lag in obtaining the analytical
results and the consequent difficulty in accurately estim-
ating saturator operating time and HN-1 additions.

(3)-Establishment of HN-3 Vapor Concentrations

'J 22. The described procedure for the establishment of
VRN-3 vapor concentrations in the large chamber in early
"1tests was evaluated by conducting a test run in which the
bead saturators were operated continuously and the HN-3
"j vapor input rate measured by analysis of the chamber at-
'jtmosphere . The data obtained in this test are presented
Vin Table III and Plate 7.7

Table III

"FEstablishment of HN-3 Vapor Concentration-Bead Saturators

!"Conditions: Bead Saturators at 55&C - Continuous'Operation
Chamber Empty

Time
iCone. HN-3 (y~l,) Input Rate (y¶NA57i./min.)

1.5160,

235.9

i31•45 .

650 3.7
3.7

5.7 3.7

85 4.7
90 5.7.;95 .5 0

5.0
,,00 5.6p.05 .: 5 .,3
-10 6.3
11.5 6.0 0.037

23. The above data indicate a slow but uniform EN-3

0ONPIDENTIAL -- 7-



Fir

input rate. It was concluded on the hasis of this test
that using the described procedure, -HN-3 vapor concen-

tration of 2 to 7 YHN-3/I. could be established and main- F9

tained satisfactorily. Exposures at these concentrations
for 60 minutes -give CT values from 100 -to 400.

24. A test run using the "large" saturator system

employed in the later HN-3 tests *as -onducted in the £o
following manner: The 3 saturators were operated con-
tinuously at 33-340C for 90 minutes with the chamber
.empty. Eight standard aqueous process CC-2 impregnated

suits were then placed in the chamber, and the operation
was continued for 70 minutes. The HNN3 vapor input-rate

was measured and the effect of the CC-2 clothing on the
1N-3 vapor concentratioh were determined by the standard
method of analysis. The results of this test are shown
in Table IV and Plate 8.

Table IV

Establishment of .HN.-3 Vapor Concentration OLarge Saturators"

Time l-nput Rate
(Min.) Conc. HN-3 (1/1.) y'HN-3/1./min. Remarks

"20 5.9 Chamber Empty
30 9.9
'40 11.2
50 12.2
6 60 16.3
70 17.1
so 23.7
90 25.6 .28 8 CC-2 Suits Placed
100 2?.0 in Chamber
110 18.2
120 18.6
130 14.61J40 16.9 i
150 13.2
160 17,-6

25. As may be seen from the data in the above table
and from Plate 8, a conoentration of 25..6 yHN-3/1. had
been obtained in-the chamber at the time at which the suits
were introduced. The concentration then dropped to a level
of about 15y-N-3/1. where it became relatively constant,

rlhus, it was indicated that using this method of establishing
-And maintaining concentrations of HN-3 vapor, a maximum
.concentration of 15yHN-3/I. (CT= 900 for 60 min.) could be
maintained in the presence of 8 CC-2 impregnated suits.

D. Operation of Chamber for Physiological Tests

ONFIDENTIAL -8-



2,6. A detailed description of the exact procedure

ind in operating the large chamber for an H vapor

.posure is given in NRL Report No. P-2208. The same

Wrocedure is followed for HN-1l and HN-3 vapor exposures.

the exposure time is varied within 50-70 minutes to give
I CT within 5% of the desired value. The complete log

,d data for typical HN-I and HN-3 tests are presented

n the following tables.

Table V.

Data for Typical HN-I Chamber Test (Test #4).

onditions: (a) 10 men- in the chamber, each dressed in
standard dungaree clothing with watch
caps and gas masks.

(b) Desired concentration -5,• YHN -1/1.
for 1 hr,, (CT = 300).

(c) Air passed through bead saturator at
10 liters/rmin.

(d) Saturator operated at room temperature.

Preparation of Calibration Curve.

Solution No.

S1 5.1
.2 10,2
3 15,2
4 20.1

i6 5 25-.4
nThe calibrationi curve prepared from

,in Plate 9 (Upper Curve).

Anglysis'of RN-J. Vapor from Ch~amber

% Transmission
66 .8
42.0
26.4

16 q;5
10.5

the above data ii shown

Saturator Operating
Time (Min.)

0.
0
5
5
5
5
5
5
0

2,5
1,,8
4 ',0
3 .5
4.0
4,0

%Transmission yHN-I/I

97.0
96.6
97 12
94.8
91.5
87.0
82.4
78 -3
77.6
79.9
81.0
82 f0
83.2
83.3
82.,7

0.60.8
0.5
1.2
2.0
3.2
4.4
5.6
5.8
5,2
4.8
4.6
4.2
4.2
4.4

CONFIDENTIAL-
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5
10
15
20
25
30
35
40
45
50
55
60
65
*70
75

. Remarks

Men in Capnw
at 45 mm.-

V HN-1
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Table V (Cont'd

Analysis of HN-I Vapor from Chamber (Cont'd)

Saturator Operating
-Time (-Min .-)-

3.2
5.0
5.0
4.5

-4.7
4.5

-%transmission-yHN-i/1. Remarks

•82..5
83.0
81.0
79.9
79.9
79.9

4.5
"4.3
4.8
59.2
5.2
5.2

Men out of
Chamber at
106 min.

Concentration of HN-i Vapor yHN-I/I.)
Average = 4.8, Maximum 5.8, Minimum = 4.2
Average Deviation from Mean + 0.4

Temperature ('F) 90
Relative Humidity (%) = 65
CT - ActualCT -293 (61iMin.)

Table VI

Data For Typical HN-3 Chamber Test (Test #1).

Conditions: (a) 8 men in the chamber, each dresse d in stand-
*ard dungaree clothing with watch caps and

gas masks.
(b) Desired concentration 1 1.7 yHN-3/1. far 1

hour (CT = 100).
(c) Air passed through bead saturator's at 10

liters/min
.(d) Saturators operated at 550C.

'reparation of Calibration Curve

Solution No.

1
2

4
5

y HN-3

"'0.86
1.*73
2.59
3.46
"4.32

%Transmission

94.4
91.4
86.0
82.0
77.6

he calibration curve prepared from the above data is shown
n Plate 9"(Lower Curve).
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Table VI (Cont'd)

lysis of HN-3 Vapor from Chamber.

Saturator Operating. Time (Min.)

5
5
.5
5
5
5
5
5
5
5
5
5
5
5
5.
5

4

0
*3,5.

3
0

3,4
0

!Ime
,MiLl.

ZUN-3/1. RemarksgTransmission

96.9
98.7

.97.3
98.7
98 .C.
99.2
96.1
97.0
95.8
96.5
95.2
96.0
94.1
95.2
92.0
93.5
94.0
95.0
94.2
95.6
95 1,i
96.3
93,8
94,5
94.6
95,9

1.0
0.4
i.8
0.4
0.6
0.2
1.3
1.0
1.4
1.2
1.6
1.3
2.0
1.6
2.8
2.3
2,1
1.?
2.0
1.5
1.7
1.2
2,2
1.9
1.9
1.4

Concentration of HN-3 Vapor (y:
Average = 1.9, Maximum =
Average Deviation from Me

Temperature (.F) ; 90
Relative Humiddity (%) w 65
CT - Actual CT 105 (55 Min,)

HN-3/l.)
2., Minimum 1.2
an + 0.3

TPart II, Chamber Tests with Human Subjects.

A. Procedure

(1) General routine,

27. The procedure employed in these tests was essent-
ially the same as that for the tests with H vapor and has

ONPIDENT IAL
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en described in detail in NRL Report No. P-2579, " 1Chamber
Tests with Human Subjects IX. Basic Tests with H.Vapor",

4dated 14 August 1945.

(2) Test Subjects.

28. The men used in these tests were volunteer Naval
personnel from Ut Naval Training Center, Bainbridge, Marylard,
ad were usually seamen, second class, from eighteen to

.twenty years of age, who had just completed their "boot"
.training. Their homes were mostly in the Atlantic Seaboard
*tates, both north and south of Washington, D. .0 All men

1received a routine physical and laboratory examination
* (blood and-urine).and only those approved by a medical officer
?participated in-_the experiments. At the end of the tests,
,the men were granted special leave and an entry was made
in their service records attesting their attendance at this
activity, Recently, authorization has been granted for the A"
commanding officer to give commendation to especially
deserving indiyiduals.

(3) Clothing.

29. The clothing worn during chamber exposure in, the
'basi--tests was the same mst s t1-wr the t-ests with H vapor,

i.e., standard issue skivvy shirts:..and Nainsook shorts,
watch caps, bjiie denim. shirts, dungaree pants, standard socks
and shoes. Shirt collars were buttoned and shirt sleeves

-'were buttoned at the wrist. All men wore ND Mark III or 7
'IV masks. In some of the tests, -the Nainsook shorts.were
-replaced by CV-2 impregnated shorts (so-called one-half layer

rotection).. These latter were of the rib-knit type', i-
impregnated, by the aqueous process, and,.contained about

•.5 rng,.C14/m, ' In all tests since 1 January -945, the
(menhaV` worn suspenders made of carbon-cdoated cloth (August
;model)'• The protection afforded by these suspenders causes

a subjacent area -of relatively normal skin which contrasts
With the erythematous area and facilitate6 observatione.
(This offect is faintly visible in Fig. 4, Plate 11).

3.ý, In addition to the basic tests, a few tests-were ...
arried out in which the men wore the standard 00-2 imipreg-
ated Arhzen cloth prote'ctive suits (so-called onewlayer
rotection). These suitswere impregnated by the aqueous
ethod, using 100 parts C -2, 25 parts ZnO, 75 parts

chlorinated paraffin, 3.75 parts polyvinol alcohol,. and
!8 parts dye* the usual C1+ content of the cloth was
0.5 mg./cm. . In some of the tests the men also wore CC-2

pregnated protective shorts (so-called one and one-half
LaYer protection)"

(4) Conditions related to chamber exposure.

31. All chamber exposures for this series of tests
ere conducted at 90OF and 69% R.H. Single exposures were

employed in ali tests except No. 22(a double exposure)-
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e men were in the chamber 50-70 minutes, the time being
'varied to obtain the desired CT (within 5%). During ex-
posure, the men stood at ease but were required to change P,
positions about every five minutes. In general, before and
after chamber exposure, the men led a relatively sedentary
existence except for occasional part-it-pntion in mild ath-
letics.

(5) Daily Readings and the Recording and Evaluation
of Data

32. The men were inspected by a medical officer daily
for 4 to 8 days or longer after exposure. The usual arbi-
trary intensity scale was used to record the maximum read-
ing for a-given body region:

0 = no reaction.
1 - mild.erythema
2 = moderate erythema
3 - intense erythema
4 - a. erythema with efama.

b. maceration of axiLlary skin
c. dry scaling of scrotum

-5 a-.. -esicle
b. numerous pinpoint vesicles
c. crusting or ulceration of scrotum or axilla.

33. The same body regions were described as are listed
in the report on the tests with H Vapor (NRL Report -Ko.
P-2579), bit have been somewhat condensed as listed in Tables
X and XI in the. appendix;

34. For theevaluation of d.tr Tfrmothe tests with H
vapor, it was. f6unti advantageous ,to employ a total damage
'index which i'epresented a combination of the intensity of
reaction and the surface area involved. This index did not
prove prattical for elaluation of the data from the HN
vapor tests because the reactions were generably quite
localized in this limited series of tests. Hence, this data
has been treated in a-more qualitative or descriptive fashion
with spe-cIal- emphasis on thos'e regions -primarily affected,
namely, the neck and the scfotum.

(6) Leiýcpcyte .Counts

35. Total and differential leucocyte, counts -were. taken
on many of these subjects before and after chamber exposure.
These counts are recorded in Table XIII of the Appendix.

* B. Results

(1) Tes.'s with HNl

36.- The maxim-m readings for seventeen body areas for

CONFIDENTIAL



each man are tabulated in Table X in the Appendix. In

Table VII, these data have been summarized to present
the average intensities of reaction for the group of men
employed in a given test. The reactions for the neck and
scrotum, which were especially affected, are listed sep-
arately; whereas the regctions of the other body arew have

been averaged and expressed as the "rest of body" (i.e.,
excluding readings for neck, scrotum, and penis).

(a) Neck Reactions

37. In the summer basic tests at CT 100, neck re-
actions were relatively mild; but at CTs 200 and 300,
intense erythema and, in many cases, erythema with edema,
were obser'ved with subsequent intense pigmentation. In
the basic tests run in the winter (Tests 7-9), the neck
reactions were more severe than those for any other region
but were much milder than those of the summer series even
though the CTs If exposure were considerably higher.

..Table V.U

Tests With HN-1

-Test - No. --Scrotum Rest ofNo. Date CT Mere Prot. Neck Av. No. C.%C Body Av.

1 8/10/44 100 10 B 1.3 1.2 Q C. 0 -0.3
2 8/15/44 200 10 B 3.4 1..4 0 C .. 0 1.2
3 8/22/44 300 10 B 3.3 4.6 (7 C. 70 1.7

(280 .)-"
4 8/?2/44 300 -10 IL* 2.2 3.3( (MS6)30 0.7

;.5. 8/29/4 400 10: II- 2.6 4.6 9 C, 90 1I1
&6 9/2/44 400 9 1-1/21*2.9 4.3 7 C. ,78 -1.4

-V 1/16/45 300 8 B 1.9 •.6 0 0. 0 0.Z
.8- '1/18/45 456 4 B 1.8 1.5' 1 Sc. 0O 0.6
9- 1/20/45 -700 6 B 2.2 4.0 (4 C.)67 0.6S" • (ise.)
B - basic test, i.e., men wore dungarees
B-1/2L = dungarees, plus CC-2 impregnated shorts
I1L one layer, i.e., CC-2 impregnated suits

":1-1/BL-t one -end vne whalf l-ayer -1.e., CC2 impregnated
"suits and shorts

* S-330 protective ointment worn on neck.
C * crusted or ulcerated scrotal lesions.
Sc dry, scaling scrotal lesion.

38. In the basic tests (1-3, 7..9), most of the skin
of the neck was exposed bare in the chamber but part of
it was cvered by the buttoned collar of the blue denim
shirt. It is evident from Fig. 1, Platq 10, -that some
degree of protection was afforded by pl.in clothing. Inr
tests 4,5, and 6, S-330 protective ointment was worn on
the neck which was further protected by the hood of thbe
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Q



suit. These measures offered some protection, but never-
theless, severe neck reactions occurred; and the protect-
ion given was certainly not in the same category with
that which these same measures would have afforded against
H vapor.

(b) Scrotal Reactions.

39. The vulnerability of the scrotum to HN-1 is
outstanding. From Table XII, Appendix, it can be seen
that, at CT 300 and above, a large number of the men in
the tests performed during the summer sustained crusted
lesions of the scrotum. This occurred even in the men
wearing both protective shorts and suits, and exposed to
CT 400. Of-special interest is the test of the .winter
series at CT 700. Neck reactions were moderate, the rest
of the body was very-mildly affected and yet, of 6 men 4
developed crusted lesibns and one showed dry scaling. In
no case was actual bleb formation observed.

40. The time of occurrence of these lesions, the
severity and duration as presented ip Table XII, Appendix,
was approximately like those for the H vapor tests. Since
the- appearance.-of .-these -HN-1 lesions was in -no -way specific
and was similar to those presented for H vapor, no color
prints of scrotal lesions have been included in this report
(see INRL Report No. P-2579 for pictures of H vapor scrotal
lesions)..

(c) Reactions of the Rest of 1

41. While considerably milder than the reactions
of the scpotum and neck, these also showed an increase
in severity parallel with an increase in OT of exposure,
Eveft at higher CTs, reactions in tests of the winter
series were mech milder than those of the summer, One
layer of ordinafy clothing'(denim shirt) offered pome
protection ap can be seen in Fig. 1, Plate 10, if the
arms and lower neck are compared- with the upper neck
which was exposed bare, Two layers of' ordinary clothing
offered even more protectlon s~ncd the outline of the
skivvy shirt is evident in the aforementioned picture.
The hands and wrlsts of the same individual are illustrated
in Figure 2 and show an unusually severe reaction,

42. There is an indication that CC-2 impregnated
clothing offered some protection to the general body
surface (compare tests 3 and 4); and, in spite of a higher

.,CT (400), tests 5 and 6 showed slightly milder reactiong
r than test 5 at CT 300,

CONEF'ENTIA 1 "~1 e-
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Effect of Wearing Cl~thing After Leaving Chamber as
rompared With Bathing Immediately.

43. In the first four tests with HN-I (Tests 1-4,
Table VII), half of the men t obk a shower bath immed-
iately upon leaving the chamber and donned fresh (un-
exposed) clothing. The other half wore the same clothing
which they had worn in the chamber for four hours after-
wards. The average intensities of reaction per man per
area are listed in.Table VIII. There is no appreciable,
difference between the two groups.

Table VIII

Effect of Wearing of Clothing

Shower
Test ' Men No. Av ./Man/Area*

4 Hr. Wear.
Men No. __-Av/Man/Are a*

1 1-5 (inal.)
2 1-5 (Imcl.)
3 1-5 (incl.)
4 1-4 (incl.).
AVERAGE

0.4
1.2
1.8
1.1
Y1.1

6-10(incl.).
6-10(incl.)
6-10(incl.)
5-10(incl.)

* All 17 areas listed are included.

(i) Leucocyte Counts

44. From Table XIII, Appendix, it is'evident that
,:no significant °changes occurred.

(2)• Tests with HN-3

45. The results for these tests have been 6abulated
in a manner analogous to those for the HN-1 tests and •
presented in Table XI of the Appendix and are summarized

,,in Table IX. -

",4 .Tabh~e "TY

0  Date

9/7/449 /44
16/441644

45
27/45

Tests-with .N-3

"0T
50

100
150
150
200
150
250
350

No.
Men

8
8
8
7
7
6
6
8

Prot.

B
B
B
ILi-i, 'L*

B
B
B

Neck

1,8
3.0
4.0
1.1
1o.1

1.5
2.5
4.9

PIDENTIAL

Scrotum
Av. No.C.%c
0.5 0C. 0
1.9 1C. 13,
4.0 6C. 75
1.6 ISO 0
0.3 0C 0
0.3 OC 0
1.5 2SC 0
3.6 (6C)75

ISC

Rest of Body
Averrame

0.2
0.8
1.8
0.3
0.2
0.7
1D.7
1.7

_ T

0.4
1.6
2.1
0191.3
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I
Table IX (con't)

Tests With HN-3

f set No. Scrotum
No. Date CT Ve'A Prot. Neck Av. No.C. %C

18 8/10/45 150 8 B-I/2L 2.0
19 8/10/45 200 8 -".I/2fl'* 2.0
20 8/20/45 500 6 1-1/2L* 1.7
21 8/27/45 850 6 1-1/2L* 2.0
22 9/4/45 2000**6 l-i/2L,- 1.3

0
0
0.3
0.3
0

0C
0C
0C
0C
0C

0
0
0
0
0

Rest of-d 7y
Average

0.2
0.2
0.'3
0.7
0.3

1 - basic test, i.e., men wore dungarees.
B-1/2L = dungarees plus 00-2 impregnated shorts.
IL = one layer, i.e., CC-2 impregnated suits.
1-1/2L - one and one-half layer, i.e., CC-2 impregnated suits

and shorts.
S-330 protective ointment worn on neck,

C crusted or ulcerated scrotal lesion.
SC dry, scaling scrotal lesion
*- =2 exposures of 1000 CT each.

(61a'-edk Reactions

46. The basic tests at OTs 50, 100, and 150 (Tests 10,
11, and 12, respectively) showed a progressive increase in
the severity of neck reactions, three out of ten men at CT
150 showing vesication of the neck. Tests 13 and 14, run
concurrently with test 12, showed that the hood of C0-2
protective clothing offered good protection to the neck. It
is not possible to evaluate the added protection afforded
N -k ý 4-4~m~L. 4- uV ,1 ec n*e~j~

Wj L"V •zuzA wornz on the neck in Test 14.

47. The reactions of the basic tests of the winter
series (Tests 15, 16 and 17) showed a progressive increase
Zfn severity of reaction with increase in CT. At CT 150,the reactions were much milder in the winter series. In

,the wintder series, at CT 350 (Test 17), 7 out of 8 men
,Psuffered vesication- of the neck and subsequently developedt•ntense pigmentation (Figures 3 and 4, Plate 11). From
S'these figures it is also evident that the plain denim shirt
0collar offered some protection to the area of the neck it
cove red

48. Some of the tests we• •nt• • ....
1945. At CT 150 (Test 18), the reactions of the neck were
only mild to moderate. Many of the ments necks showed mod-erate actinic erythema or pigment prior to the test, making
.evaluation of the reactions difficult. The reduction in
.severity as compared with the previous summer test at CT150 cannot be explained. In the other tests of this series,at higher CTs, the neck was protected by S-330 ointment; and

CONFIDENTIAL
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!FbY the hood of the CC-2 impregnated suits. At the highest
" CT tested (2 exposures of 1O00 CT each), the neck was well
Sprotected and showed only a mild reaction.

(b) Reactions of the Scrotum

49. These reactions are listed in Table XII of the
Appendix. In the summer series, one man out of eight devel-
oped a crusted lesion at CT 100; but at CT 150 (Test 12)

• such lesions were evident in six out of eight men. Standard
_CC- 2 impregnated suits protected completely at CT 150; at
CT 2 00,' protective suits plus protective shorts gave complete
protection.

50. In the winter basic tests, no crusted lesions were
observed at CT 250 but' two men did show dry scaling lesions
which indicated damage slightly below the crusting level.
Out of eight men exposed at CT 350, six suffered crusted
lesions and one, a scaling lesion.

51. In all the tests which were repeated in the summer
of 1945, CC-2 impregnated protective shorts were worn and,,
in all tests e:cept No. 18, also CC-2 impregnated suits. In
none of these tests, were any crusted scrotal lesions obser-
ved.

52. Time of occurrence and healing of these crusted
scrotal lesions was similar to those from H vapor. No

* specificity in appearance or location was evident for 1Nj-3.

(6) Reactions of the rest of. the body.

53. As for HN-I, increase in CT resulted in increased
,severity of reaction, and at CT 150 the first summer series
i(1944) showed more intense reactions than the winter series.
',However, as for the neck reactions, the repeated summer
itests (1945) resulted in extremely mild reactions on the
'general body surface.

54. Plain clothing offered some protection-against
HN-3 and CC-2 clothing offered good protection up to the
highest CT tested (2 exposures of lOJ CT each).

55. It should be mentioned that the axil*e- proper
•were not affected in the HN-1 or HN-3 tests in contrast to

those wlth H vapor. Where axillary reactions occurred,
'they involved the folds or upper medial arms (e.f. Figure
!3, Plate 11). Since central axillary reactions from H
"irapor occurred primarily at temperatures below 800F, and
Susually not at 900F., it may be that a similar phenomenon
.applies to the HN reactions. All tests in this..'eries with
BIN, however, were run at 90"F.

9 ONFIDENT IAL
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(d) Leucocyte Counts on Test Subjects

56. Upon inspection of the limited data in Table
XIII, in the Appendix, no significant alteration is obser-
ve d.
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S.MMARY AND CONCLUSIONS

1. The calibration and operation of the NRL large

chamber for the exposure of human subjects to nitrogen
mustard vapors are described in detail.

2. Concentrations of HN-1 vapor are established and

maintained by means of a bead saturator (for low concen-

trations) and a "flash distillation" system (for high
concentrations). The bead saturator is operated at room

temperature and the "flash distillation" system at 708C.

3. Concentrations of HN-3 vapor have been established

by two methods: (a) Bead saturators operated at 550C., and

(b) "large" saturators operated at 30"C.

4. For the operating conditions and methods as des-

cribed there has been no evidence of decomposition of the
agents or of aerosol production.

6. Analysis of the HN vapor in the chamber is carried

out by means of the DB-3 method described by W. N. Aldridge

in Porton Report No. 2412, January 9, 1942, and modified
at this Laboratory as described in NRL Report No. P-2464.

6. Operation of the chamber has been standardized
for HN-1 exposures ranging from 200 to 2000 CT (60 min.)
and for HN-3 vapor exposures ranging from 100 to 900 CT

(60 min.). The precision of this operation is such that

a CT within 5% of the desired value is obtained with T
factors ranging from 50 to 70 minutes (optimum = 60 min.).

7. Reactions to HN-I and HN-3 vapor, are much more
severe on the neck and the scrotum than on the rest of the
bod3 surface.

8. In basic tests, -under summer conditions, severe
neck reactions occurred at CT,300 with HN-I and at CT 150
in one series of tests with HN-3.

9. Scrotal reactions due to HN-l and HN-3 were
similar to those from H vapor as regards appearance,
time of onset and duration.

10. As for H vapor, severity of reaction increased
with CT; and summer reactions were more severe than those
in winter.

11. For the HN-i basic tests, no difference was noted
whether a shower was taken at once after exposure or if

the clothing worn in the chAmber was worn for four hours
after exposure
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4 12. Some protection by ordinary clothing is evident
for the nitrogen mustards.

13. CC-2 impregnated clothing offers very poor
protection against HN-1 (CT 400 under summer conditions).
Up to the highest CT tested (2 exposures of 1000 CT each),
it offered good protection against HN-3.

14. A limited amount of data indicated no effect
of chamber exposure to HN-1 or HN-3 on the leucocyte counts.
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REC OMMENDA T IONS

1. It is recommended that standard CC-2 impregnated
clothing be considered as offering inadequate protection
against exposure to HN-I vapor,
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S~ ACKNOWLEDGMENT

I The authors are indebted to Comdr. L. Eugene Daily
cMa) USN and Lt. J. W. Clark (MC) USNR whoLactively par-

picipated in conducting the physiological tests prior to
October 1944; to Mr. R. E. Cunningham for operation of
the chamber and to Drs. W.C. Lanning and G.. M. Gantz,
tor their advice and cooperation.

Human Volunteers. This program could not have been
carried out without the men who bravely volunteered to
participate in--the tests knowing the personal inconvenience

1hich might requIt. For service definitely beyond the
call of duty they are Oeserving of the greatest praise.
This Laboratory wishes to express great appreciation for
the cooperation of the Commandant of the U. S. Naval Train-
ing Center, Bainbridge, Maryland in permitting volunteer
personnel to take part in these tests.

-25-

I NTIAL -3



I#:.
'p
It
.1

t.
(I

?.at t.1 3
OAOA,4
ni
CT . 103

tat ntt 2 1

C? . 0 C? 300

2 0.2

2 1 1 1 0.5

11+212 21 0.9
1 1 1 2 1 1 1 2 1 1 '1.2

1 0.1

1 1
-1 1 2 1

121

1 111

1 1

I11
1 1

1

I'.

'-I

-9

-I-

' I.

S U

'¾.

V

0

Uth

a"

lof

ith

Pat

um

N.2

01

30,
lax

ith

sa

Sim

A.

dl*a

Its

hit
"ad

2.
*

*

0.6

0.3

"1 0.1
1 0.6

1 0.8

o.4
0.5
o.6
oal

1 1 30.5

1 3 2 1 2 2 1 1 1.2
1 i 1 1 5 1 1 1,1
1 3. 2 2 2 2 12 3 1.7
1 i 2 2 12 2 1 1 1.3

1 1 2 2 1 2 2 2 2 2 1.7

1 1 2 1 1 1 0.7

1 1 1 1 2 3 0.9
1 1 1 2 2 3 3 1 1.4

2 0.2

12 I2 1 3 3 1 1 2 2.0
2 2 1. 3 2 2 3 1 3 3 2.3
1 2 5 1 1 3 3 1 3 2 2.2

1 1 1 1 2 1 1 0.6
1 1 2 1"1 1 1 1 1 1.0

1 1211 0.6

2 3 0.5

12 23 2 3 22 1.7
a 1 2 IL 2 , 2 t 9 01•

1 *: 2

1 0.1
'2 2 2 0.6

1 0.1

3 3 5 1. I 3 533 3.1

21.9

211 221 0.9
22 1L 22 2 1 15

1 - 2212 Laa1.2 . 2 1 g I 1 1 ' 1. o*1251211 1 6.6

321211 3 1.5
2 11 11 1 0.8

leb!. a B

)111"
ma-

cz.. A60

1111
1111

I

1 1

111
1 1

211 i
1111
11

1.01.0

0.3

1.0
0.3

0.5

0:8
0.5
0.3

1.0
0.3

i 3 . 6 891l Lv.
3.

2 1 1, 0.7

1 1 2 3 2 2 2 1 2 2 1.8
1 232 2 2 2 11.

3 3 1 3 2 2 3 2 2 2 2.3
3 3 1 3 2 3 2 i 2 2.2
3 3 1322 3 2 i 2 2.2

3 3 0.6

2 2 2 3 3 3 1 2 1.8

4. 5 3 5 4. 5 5 5 5 5 L66
1 1222 1 i.0

3323 2 32 2i 21 2.

2 3 3i1 3 23 3 24.
3 2 2 2 2 2 3 2 i 2 2.1
i 2 1 2 3 1 1 IN.
2221 5522 1 2.2
1 1 1 2 3 1 1 1.0

-twit ,.- 6 .s,

m
CT . 1.00

2 3 3 r 2 6 2 it 3 t.

3 3 0.6

3 2 1 2 2 . . 3 - 2.3

1 5 3 2 3 3 4 4 3.2
2 21 3 21.3 1.9

1 1 0.2
1 3 1 1.1, 4 .1

5 52 2

2 3
2 1

12
2
2

35

3

1

5

1
1

3 3 3

2 -51.3
2 2

121.1

baet 10o. 9

C? * 700

1.8L3
1.6

r.6
1.7o.1l

1.1.2.0

1.1

I

T4v A-

1111
i211

1

5

1

1

5 5 5

2
12 1

2

1.01.2
0,5

0.3

,4.0
0.8

0:8

0.7

0-2

3 - baits bat. I.... - -a-ri araes.
b. " a 1..r. is.. CC--2 fipreatd -its.

.ii a ad is-b.lt Any. 1-.. * 2-2 iipngntod aulti W abrt..

SW pr lotoe•vo oiata• "Mr aan "a.

a 0 a i E .i E - s i i .

MI.o X

2..t. idtL m

trim_ kgb-I. bhaga1 f., Iafdi.U1 IubJab tad Avep rage U-1- oaal h.Cf-r Xbk Tat Grow

a

C-,

pm

01-300

222 g 3 2 2 2 1.9
22 31I2 2 2 i.1.

1 2 0.3

*2 2 0.5

.2 31 I23 2 2 1.7

1e 3 * 32 L2,.e

1 3 1 1 1 0.7

, . 300 -

7t

1 1. 1
1 I-

1 1.

I1 1111

111 11

11
1
1
1



Table XI

Te.t. with 103

li-t, P.s1ool r1 .o.Ls for I u.lol4m Sutc and t verao e A M-xsln Regional leodir.-s for Soch Test Group

Test 2!. 10 1

W3
CT *50

Do.~~ 21568 A.5

. 1 •1 0.3

itc " 1 1 0.3
so1 0.1

\yth I 0.1
iOth
4dth 1 1 0.3

P-

arm

thl
Pup
I*&.

1 1
11I 1

1

1 2 1

I

0.4
1 0.5

1 0.3

2 0.6

1 0.5
0.1
0.1

?.st No.. 23 L

M3.
CT . 150

n t 3C 1 1 1, A,
WsrT

o -1'_1 1 1 1 1

.4th 1 1 1,
11 1.. ..,.dth I I I,

*sr 4 1 3 1
bt

W"
IT

-leg

1 1
I1 -

111

I

0.71.0
0.1

o0,

o-.6
1.o6

0.3
0:3

0.1
0.1
0.1

Test No. It a
9/7A4
-93

CT . 100

12 2 A-

21 1 2 1 0.9
2 1 2 1 1 1 1 1 1.3
1 1 1 0.1

2 1 1 1 o.6
1 0.1

2 21 o.6
1 2 2 2 1 2 5. 1.9
11 1 1 1 o.6

2 2 1 11 1.0
3 2 1 1 1 1 1 4. 1.8

1 1 1 04.1
2 1 1 2 1 1 1 1 1.3
2 2 2 1 1 1 1 1.3
2 2 1 1 0.8

ftest-kt. -a 1.lte
9/16441
283
C2 0200

1 1 1 o.62 1 oi.

1 1

I 1 1 2

2

0.1

0.3
0.1

0.1
0.3

0.7
0.1
03.

Test Wo. 12 a
9/14,U
E 13
CT e 153

1 2314?6 A,.
r 3 ; r .0

33 o0.8

1 2 1 3 2 1.1
3 23 211253 2.5
23 2 124z1 1.9
1 L 0.6
323 1222 2.1
3 1 0.5

2 2 2 2 1.0
5 55 5 525 4.0
2 2 1 2 2 1.1

5 3 3 2 2 35 3 53.
5 3 3 2 0 4 5 3 3.1.
3 33 3 4 2.0
21211 18.4 I C
2 3112L3 2.1

2 2 , 2 1.3

fest to. 15 8

0=3
CT . 150

1 2 5 1. 5 6 .
1 1 1 3 2 11.

1 0.2

11 I~l 0.81 1 1 1 1 0.8

1 1 0.3
1 1�0.3
11 1 1 1 0.8

1 1
111 11

11 211
11 11
11 211

11 111
"it 111

0.3
0.2

1.0
0.7
1.0
1.0
0.0
0.8

test-Po, 16 a

W- ".1 1 6MA
.~ 250;

SI 13s

at 2 1
me 2
oth 2
ith 2
4th 2
Ad14 2

p..
S•r
bt

of

thi
pop
lag

1

2

1

1

4
2 2

2 1
2 2
12
21
21
2 1

1

1

2

2

2

2
2

1
2
1
1

0.7

0.8
0.7

0.3
0.7

1.5
1 1.35

0.8
1.5

1 1.0
1 1.2
1 1.0
1 0.8

Test to. 17 3

C? 353

1 .2 1 1. 56 r 8 AI .

3 3 5 3, 2 3 3 2.5

3 3 5 2 2 3 2 1 2.h
3 3 32 2 321 2.4.
1 2 2 3 1 1.1
1 3 1 23 1.3
3 3 322 21 r 2.41
1 2 2 1 1 1 1.0

22 4. 1.0
5 5 2 5 4. 5 5 5 1.5
2 3 1 1 1 2 3 2 1.9

2 2 3 3 .2 1 1-5
3 3 3 3 3 3 3 1. 3.1
11 2 1:0.
1 2 1 1 1 1 3 1.3

1 1 1 0.4

e,4o/7

-3
CT?. 150

, Am.

1 1
2 1

11

I 1 1 1
111 111
11 1

-463
0.3
0.1

0.5

0.5
0.1

Ss oit. toest. i.o.. sn -ror ducora
NIL - adumgaros plus C-2 eprp;td ohort.

11. ane layr. i.e.. C0-2 ImpreCoated suite
IlL - onsad aoe-+alf loyer. I... -?-• lpreonatdt suite sad shorts.

o 2S530 pretctii oLntwnt mmr en mck.-

CS a ! ! I D E X T I A L

II

I

I



Table II (Ccnt'd.)

Tests with EN3

MOXiM- legional Readings for individual Subjects and Average Wartmm Regional Readings for Each Test Group

Test No. 19 1•Je Test No. 20 hi- Test No. 21 uPLO8./•0•5 8,/'2 5 8/27/1.5
MO N3 E13CT ,.200 cT . 500 CT. 850

No.• 1 678 AT. 2 2

$ ah 1. 1 12 1 11 1.2so 1 2 0.3 2 1 2 1 2 '1.3
lth

•-idtl 1 1 2 0.5 1 0.2 1 1 -3 .. B.8
iabd"

,or 2 0.3 2 0.3
bt

".in 1 1 2 0.5 1 2 2 1 1.0 1 1 2 0.7
'of 1 1 2 1 0.6 12• 1 0.8 2 1 2 2 2 3 2.0
6ro 1 11 O.4"..i 1 e 1 0.5 2 2 -2 1 2 1.5 2 2 2 1 2 2 1.8

.pOP 1 0.1 1 2 0.5 1 2 1 2 2 1.3
-Le& 1 0.1 1 1 2 0.7 1 2 1 2 2 1.3

Teat go. 2L_ Ii
9A 5 "..CT . .9

* 9/545 CT . 881
XotLI CT *1812.

go. 2.3.4 6. v

.1 1' 0.2

ala 1 1 0.3
me 1 / 0.2

xdth 1 0.2

pan
Pon

sin " ' 0.2

thi I 1 I 1 1 0.8
pop 1 1 0.3

JOC 11 1 0.5

-'"

3 a basic test. i.e.. mn wore dungareos
*h - dun~axe*a, plus CC-2 impregnated ahorts

4 . one layer, I.e., CC-2 impregnated suits
. one and one-half layer, i.e., Cc-2 impregnated uits. nd toretg.

* . ,330 proteotive ointment worm on neck.

"C 0 N F I D E N1T I A L
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TaLuoy Ciln
Leucocyte Counts

Agent
Day
No.. WBO

7,000

CT

300

Man
No.

1

3
4
5
6
7
9

10

1
2
3
4
5
6
7
8
9
10

1
2
3.
4
5
6
7
8
9
10

2
3
4
5
6
7
8
9

Before
WBC

7,800
7,550
8,100
8,550
9,200
5,800

11,450
805oo
9,950
9,850

9,300
12,050
7,000
6,600
9,150
9,450
5,850
6,500
8,700

10,600

5,150
8,100
C,850
7,300
9,900
9,750
-6,850
8,450
7,350
6,100

6,85
9,150
8,850
5,300
7,700

10,100
10,150
9,850
6,100

300

400

400

SINTIAL

I

4 Days
WBC

8,350
7,950
7,600
9,250
9,050
.5,400
9,250
7,600
9,300

10U,400

9,150
9,900
7,600
6,100
8,800
9,050
6,1oo
6,850
8,450
9,650

5,550
9,650
8,200
9,850
9,000

.5,500
6, i00.

7,650
8,850
5,250

15
15
15
22
15
20
15
.15
20
13

10
10
10
10
10
10
10
10
10
10

w�1

B�1

9,200
9,750
7,450
6,300
9,200
8,550
6,350
6,600
* 8,900

9,550

5,4o0
9,150
8S550
9,200
8,550
9,200
6,650
8,100
"-9,100
5,660

13 7,950

13 6,000
13 9,450

13 8,350

7,2509,14po
8,350
6,150
7,200
9,750

.EN1
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Table XIII (Con'd)

Agent CT No

HN3 50 1
2
3
4
5• 6-

8

HX3 100 1
2
3
4
5
6
7
8

150

15O

1
S2

3.4
5
6
76

1

2
3
4
5
6
7

200 1
2
3
4
5
6
7

.n Before ExI
0_ WBC

6,500
5,350
6,100
7,450
8,100
8,500
6,950
7,600

.7,550
6,700
7,050
5,900
5,300
7,750
6,800
8,600

7,050
6,6006,6oo

8,3508,000

8,250
8,6OO
6,900

9,050
7,400
6,200
8,600
8,100
6,400
5,350

7,050
7,500
7,800
7,300
9,700
8,400
5,100

Diff. * WBC

70-24- 4-
72-19- 7-
66-29- 5
56-38- 5-
62-28-J6-
78-18- 4
76-20- 3-
70-28- 2

59-30-
76-21-
57-29-
61-34-
70-23-

55-37-
6o-32-

9-
2-
3-
3-
5-

6-
6-

2

4
1

4 Days
2 8,250
1 6,300
1 6,500
2 6,450
2 6,-05o

7,100
2 6,200
2 9,350

5 Days
7,950
5,500
6,800
8,800
7,600
7,4oo
9,0100
•7,250
5 Days

7,950
5,600
8,300
8,700
6,950
5,800
6 Days
,00

8,000
6,700
7,550
9,050
7,800
6,250

7 Days
WBC Diff.*

7,4oo 75-20- 4- 1
5,750 68-26- 5- 1
5,250 61-32- 4- 3
8,400 68-24- 4- 8
7,700 60-36- 6- 4
8,950 71-22- 5- 2
5,950 68-27- 3- 1
9,950 51-43- 6

5.30079-•- 4- 2
6,950 52-43-2-3
8,300 78-18- 3- 1
5,1oo 49-48- 3
6,150 65-28-4- 3
6,900 .54-43- 3
5,500 70-21- 7- 2
6,200 57-41- 2

fferpntial Counts listed in order: polymorphonuelear leucocytes,
POcytes, eQsinophiles, monocytes, basophiles (P-L-E-M-B)
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CONFIDENTIAL

FIG. I 4 DAYS

FIG. 2 8 DAYS

HN I CT 200
900F. 65% PH
TEST No. 2

SUBJ ECT 3
PLATE 10



FIG. 3

FKIC. 4

HN3 uT 350
Ujol:. 6,5% kH

ESI No. I'

SUBJE S I-4
r, DA[Y

OW I DE-NT IAI

i

II

*1

PLATE I I
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